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Description 

DEVICE WITH AREA ARRAY PADS FOR 

TEST PROBING 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The present invention is related to semiconductor device 
manufacturing and more particularly to forming durable 
chip connection pads for semiconductor integrated circuit 
(IC) chips. 

[0003] As is well known in the art, typical semiconductor inte- 
grated circuit (IC) chips have layers stacked such that layer 
features overlay one another to form individual devices 
and connect devices together. ICs are mass produced by 
forming an array of chips on a thin semiconductor wafer. 
Each array location is known as a die and each die may 
harbor an IC chip or a structure for test or alignment, each 
of which may be a multilayered structure. Typically, each 
die has a surface layer populated by connection pads, 
e.g., for connecting to circuit inputs and outputs (l/Os) 



and power. After far back end of the line (FBEOL) process- 
ing, solder balls (e.g., controlled collapsible chip connec- 
tions (C4s) and most commonly, of lead tin (PbSn) solder) 
are formed or bumped on the pads, e.g., for ball grid ar- 
ray (BGA) joining. Because, testing prior to bumping could 
permanently damage the die, chips are tested normally 
only after bumping. During performance testing, test 
probes contact and deform the C4s to ensure electrical 
continuity to the chips. 
[0004] Although it is common practice to performance test these 
devices by probing directly on the C4s, this practice de- 
structively, albeit necessarily, deforms the C4s. The C4 
deformation imposes additional device processing to re- 
flow the C4s prior to bond and assemble of chips into 
modules. Moreover, as chip complexity is increasing chip 
I/O count and causing more and more pads to be shoe- 
horned into the same area, C4 pitch is shrinking, making 
these deformations increasingly problematic. It is com- 
mon for test probes to deform C4s upwards of 40% of 
solder volume, increasing the likelihood of C4s bridging 
failures. 

[0005] Thus, there is a need for performance testing at wafer, 
level post FBEOL metallization and passivation. 



Summary of Invention 

[0006] it is a purpose of the invention to improve chip testing; 

[0007] it is another purpose of the invention to test IC chips prior 
to C4 formation; 

[0008] it is yet another purpose of the invention to provide 

durable chip pads that are probable for testing without 
major damage or destruction from probing. 

[0009] The present invention relates to a durable chip pad for in- 
tegrated circuit (IC) chips, semiconductor wafer with IC 
chips with durable chip pads in a number of die locations 
and a method of making the IC chips on the wafer. Each 
chip may be probed for performance testing with the 

probe contacting the durable chip pads directly. 
Brief Description of Drawings 

[0010] The foregoing and other objects, aspects and advantages 
will be better understood from the following detailed de- 
scription of a preferred embodiment of the invention with 
reference to the drawings, in which: 

[0011] Figure 1 shows a cross section of a preferred embodiment 
durable array pad on a semiconductor chip or wafer at a 
terminal metallurgy pad; 

[0012] Figure 2 shows a flow diagram for forming durable array 



pads according a preferred embodiment of the present in- 
vention; 

[0013] Figures 3A - show in a cross section, formation of pre- 
ferred embodiment pads on the surface of a wafer. 
Detailed Description 

[0014] Turning now to the drawings, and, more particularly, Fig- 
ure 1 shows a cross section of a preferred embodiment 
durable array pad 100 on a semiconductor chip or wafer 
102 at a terminal metallurgy pad 104, e.g., aluminum (Al), 
connected through a terminal via to the underlying chip 
wiring (not shown). The terminal via extends through typ- 
ical wafer/chip passivation layers, e.g., a nitride layer 106 
overlying an oxide layer 108. A final passivation layer, 
e.g., polyimide layer 110, formed on the terminal metal- 
lurgy pad layer has vias to each of the terminal metallurgy 
pads 104. A diffusion barrier pad 112 is formed on the 
terminal metallurgy pads 104. The preferred diffusion 
barrier pad 112 is a layered pad of tantalum/tantalum ni- 
tride (Ta/TaN) or titanium/titanium nitride (Ti/TiN) or a 
layer pad of materials selected from titanium tungsten 
(TiW), chromium (Cr) with an adhesion layer of chrome- 
copper (CrCu), titanium (Ti) or nickel vanadium (NiV) 
formed on the barrier metallurgy. A copper (Cu) seed layer 



114 is formed on the barrier metal pads 112, which pro- 
vides a conducting seed layer for electroplating. Hard test 
barrier pads 116 are formed on the copper seed layer 
pads 114, preferably, by plating the copper seed layer 
pads 114 with nickel (Ni). Finally, the hard barrier pads 
116 are passivated with a passivating barrier layer 118, 
e.g., gold (Au), ruthenium (Ru), rhodium (Rh) or copper. 
Solder balls (C4s) may be formed on the completed pads 
100, even after the chip is tested by application of test 
probes directly to the pads 100. Thus, subsequent bump, 
bond and assembly options are expanded, allowing for 
selecting a suitable final connect for particular application 
(or manufacturing capacity) needs. Further, because C4s 
are formed after test, they not deformed during test, al- 
lowing finer C4 pitch, e.g., 3 mil bump pitches and finer. 
[0015] Figure 2 shows a flow diagram 120 for forming durable 
array pads (e.g., 100 in Figure 1) according a preferred 
embodiment of the present invention, pads capable of be- 
ing probed without damage that might otherwise have oc- 
curred. First, in step 122 a seed metal layer (e.g., a copper 
layer on the barrier layer 112) is formed on a wafer 102, 
preferably, on a wafer with integrated circuits formed 
thereon and after forming vias through the final passiva- 



tion layer 110. Next, in step 124 the seed layer is pat- 
terned to define seed pads. In step 126 the seed pads are 
plated with a hard test barrier metal, e.g., layer 114. In 
step 128 the pads are passivated (e.g., 116) and, in step 
130 pad definition is completed as any remaining barrier 
metal is removed. 
[0016] Figures 3A -G show in a cross section, formation of pre- 
ferred embodiment pads on the surface of a wafer ac- 
cording to the present invention. So, first in step 122 as 
shown in the cross section 140 of Figure 3A, after forming 
circuit layers on a wafer 142, e.g., after normal back end 
of the line (BEOL) processing, seed metal layers 144, 146 
are formed on the wafer 142. A 500- 20,000 angstrom 
(20,000A ) conductive barrier layer 144, which corre- 
sponds to pad layer 112 in Figure 1, is formed on the up- 
per surface 148 of the wafer 142. Preferably, conductive 
barrier layer 144 is a 2500A thick layer of a suitable bar- 
rier material (TiW, Cr, Ta/TaN, Ti/TiN) or adhesion mate- 
rial (CrCu, Ti or NiV) or a combination thereof. Then, a 
500 - 50,000A thick seed material layer 146 terminating 
in copper is formed on the barrier/adhesion layer 144. 
Preferably, the seed material layer 146 is a one microme- 
ter (lum or 10,000A ) thick copper layer. Seed pads are 



defined in step 124 by first forming a block out mask 150 
on the seed layer 146 as shown in Figure 3B. Preferably, 
the block out mask 150 is formed using any suitable 
technique, e.g., forming a photo resist layer and pattern- 
ing the resist photolithographically. Then, with the devel- 
oped resist mask 150 on the seed layer 146 reflecting the 
pad pattern, the exposed portions of the seed layer 146 
are removed, e.g., etched to leave copper pads 152 
(corresponding to pad layer 114 in Figure 1) on the bar- 
rier/adhesion layer 144 as shown in Figure 3C. 
[0017] plating the seed pads 152 in step 126 begins by removing 
the mask pattern to expose the seed pads 152 as shown 
in Figure 3D. Then, a hard test barrier layer 154 is formed 
on the seed pads 152 in Figure 3E, e.g., plating the seed 
pads 152 with a 0.5 30um and preferably, a lum thick 
layer of nickel. In Figure 3F, the hard test barrier layer 154 
(corresponding to pad layer 116 in Figure 1) is passivated 
with application of a suitable nickel barrier metal 156 
(corresponding to 118 in Figure 1) for solder adhesion. 
Preferably, a 200 -1,000A thick Au, Ru, Rh or Cu layer 
156 passivates the hard test barrier layer 154 and, in par- 
icular, a 500A Au, Ru or Rh layer and/or 5,000A of Cu. 
Optionally, a corrosion inhibitor such as benzotriazole 



(BTA) may also be included for passivating a copper test 
barrier layer 154. Any such corrosion inhibitor that may 
be included, must be readily removable, e.g., with clean- 
ing solvent or with heat below 200°C. Once passivated, 
the pads 152 are completed in step 124 as shown in Fig- 
ure 3G by etching the diffusion barrier layer 144, masked/ 
patterned by the pads 152. 
[0018] Advantageously, device performance testing may be ac- 
complished prior to bumping because contact resistance 
between the test probe and durable pad metallurgy is 
lower than normal, which improves measurement signals. 
The test probe tip used for testing may have any shape, 
i.e., it may be pointed, rounded, or flat. Additionally, this 
durable pad metallurgy is much less likely to leave residue 
on probe tips than C4 or other solder bumping technolo- 
gies, which expands the life of test probes. Also, reducing 
probe tip residue reduces clean and prep work and, as a 
result, the test cycle to increase test throughput. Further, 
less force is required for good electrical contact, thereby 
enabling simultaneously testing multiple die. Another ad- 
vantage of reduced probe force is that low K dielectrics 
may be used in areas under the pads because less force is 
required to make good electrical contact, which reduces 



the potential for damaging underlying layers with the test 
probe. In addition, as noted hereinabove, subsequent 
bump, bond and assembly options are expanded, allowing 
for selecting suitable final connect for particular applica- 
tion (or manufacturing capacity) needs. Also, because C4s 
are formed after performance testing, C4s are not de- 
formed during test, allowing finer C4 pitch, e.g., 3 mil 
bumps and smaller. 

[0019] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 

[0020] What is claimed is: 



